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Physiological saline and other solutions used as irrigation ﬂuids during neurosurgical procedures have
long been debated to cause adverse effects on neural tissue. Laboratory based research over the past ﬁfty
years has described the possible harm caused to central nervous system cells by normal saline, and has
advocated the use of safer alternatives such as lactated Ringer’s solution and artiﬁcial cerebrospinal ﬂuid.
However, there is a dearth of corresponding clinical studies to support this standpoint. Worldwide,
normal saline remains the most widely used neurosurgical irrigation ﬂuid. We have attempted to
document the preference of practicing neurosurgeons worldwide regarding the irrigation ﬂuids via an
electronic mail survey, and have analyzed the available evidence on the relative safety of various irri-
gation ﬂuids. We recommend the use of lactated Ringer’s solution and artiﬁcial cerebrospinal ﬂuid as
neurosurgical irrigants, especially during neuroendoscopy and longer procedures requiring application of
copious amount of irrigation ﬂuid.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Neurosurgical procedures, such as craniotomies and endoscopic
surgeries routinely require the application of fairly copious
amounts of various liquids to keep the brain surface and cavities
moist, to maintain hemostasis and operative visibility, to aid in
bipolar diathermy, and to replace lost cerebrospinal ﬂuid (CSF). The
irrigation ﬂuids come in direct contact with the extremely sensitive
neural structures especially during longer procedures. The
biochemical and physiological properties of various irrigation
solutions in clinical use are quite different from that of the CSF, the
natural central nervous system (CNS) irrigant.1 In theory, brain
being composed of extremely delicate neural tissue sustained in
a tightly controlled homeostatic environment would be affected by
such gross changes in its extracellular milieu. In the current review,
we have attempted to cross examine the various irrigation ﬂuids
used in contemporary neurosurgical practice in the context of
available literature on the topic. We have further explored theDepartment of Surgery, Aga
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hamim).
ciates Ltd. Published by Elsevier Ltpreference of practicing neurosurgeons worldwide regarding the
irrigation ﬂuids via an electronic mail survey.2. Irrigation ﬂuids in contemporary neurosurgical practice
In neurosurgical centers all over the world, the choice of irri-
gation ﬂuid is based largely on operating surgeon’s preference or
institutional policy. In United States and Europe, several centers
have adopted the use of artiﬁcial CSF especially for surgeries
requiring massive ventricular perfusion such as endoscopic
procedures, due to its similarity with CSF in terms of pH and
composition.1 It has also been found to have fewer side effects
when used as an irrigant.2 In developing countries like Pakistan and
Bangladesh, the commercially available physiological saline solu-
tion (isotonic, 0.9% normal saline) is the irrigation ﬂuid of choice.
The solution is easily available, cost effective, and has been in use
for a long time, although it is not without potential side effects.3
Physiologic saline differs from CSF in its pH, osmolality, concen-
tration of inorganic salts, and does not contain any glucose, protein,
cholesterol, or other lipids.1 Lactacted Ringer’s solution (LR) is used
as an alternative to artiﬁcial CSF in many centers, especially during
neuroendoscopic procedures. Besides isotonic saline and LR, there
are a number of other solutions that are routinely used during
neurosurgical procedures. The safety of these solutions in relationd. All rights reserved.
Table 2
Results of a questionnaire based survey of neurosurgeons worldwide regarding the
irrigation ﬂuid of choice.
Question Region wise response
Southern
Asia
Eastern
Asia
America Europe Africa
What irrigation
solution
do you use more
frequently during
craniotomies?
(a) Normal saline 1 23 24 10 8
(b) Ringer’s lactate 0 0 2 1 0
(c) Artiﬁcial CSF 4 0 3 0 0
What irrigation ﬂuid
do you use more
frequently during
neuroendoscopic
procedures?
(a) Normal saline 1 17 18 9 6
(b) Ringer’s lactate 0 6 6 2 2
(c) Artiﬁcial CSF 4 0 5 0 0
Your use of irrigation
ﬂuid during
neurosurgical
procedures
is based on:
(a) Institutional policy 2 3 19 7 2
(b) Personal preference 3 19 8 4 5
(c) Both a and b 0 1 2 0 1
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evidence exists. These solutions include hydrogen peroxide
(diluted), used for its antiseptic and hemostatic properties, povi-
dineeiodine (diluted), used for its antiseptic activity, and various
antibiotics, etc.4,5 All of these solutions, by virtue of their variable
physical and chemical properties may have potential adverse
effects on the neural tissue. Table 1 compares the composition and
properties of physiological saline, LR, and artiﬁcial CSF [Otsuka
Pharmaceutical Co., Tokyo, Japan; reported by Uchida et al.3] with
the normal CSF [reported by Milhorat6].
To analyze the preference of neurosurgeons worldwide
regarding the irrigation ﬂuids, we conducted an electronic mail
questionnaire based survey. A questionnaire was designed to
determine the irrigation ﬂuid of choice during craniotomies and
endoneurosurgical procedures. The questionnaire further explored
whether the choice of irrigation ﬂuid was based on personal pref-
erence and/or institutional policy. It was sent to 948 email
addresses of neurosurgeons worldwide. The email addresses were
retrieved from publications in indexed neurosurgical journals over
the past 10 years; thus the questionnaire was sent to the corre-
sponding authors. Besides, questionnaire was also sent to the email
listings of World Federation of Neurosurgeons and Pakistan Society
of Neurosurgeons. Reminders were sent to non-responders twice to
yield the maximum possible responses.
A total of 76 (8%) neurosurgeons responded: 23 from Eastern
Asia (Pakistan, 16; India, 6; Bangladesh, 1), 5 from Southern Asia
(Japan, 4; China, 1), 29 from America (United States, 27; Canada, 2),
11 from Europe (Netherlands, 4; Germany, 2; England, 2; Turkey, 2;
Jordan, 1), and 8 from Africa (South Africa, 3; Egypt, 2; Kenya, 2;
Tanzania, 1). Sixty six (86.8%) neurosurgeons reported the use of
normal saline for craniotomies whereas 51 (67%) used it for neu-
roendoscopic procedures. The use of LR was reported more
frequently for neuroendoscopic procedures as compared to crani-
otomies (21% versus 4%). The only reported use of artiﬁcial CSF was
from neurosurgeons practicing in developed countries like United
States of America, Canada, and Japan. The choice of irrigation ﬂuid
was reported to be based on institutional policy by 43.4% neuro-
surgeons whereas it was a matter of personal preference based on
past experiences for 51.3%. Table 2 depicts the responses obtained
from various neurosurgeons in a region wise distribution.
Although the low response rate in our survey precludes the
documentation of regional protocols and practices, it still provides
a snap shot of the preferred irrigation ﬂuids in contemporary
neurosurgical practice. A broader based survey with a detailed
proforma extracting information regarding the experience of
neurosurgeons, number and type of procedures the respondersTable 1
Composition, osmolality and pH of various neurosurgical irrigation ﬂuids in
comparison to cerebrospinal ﬂuid.
Component CSFa ACSFb LRb NSb
Naþ (mEq/L) 145.5 145.4 130.0 154.0
Kþ (mEq/L) 2.8 2.8 4.0 e
Mg2þ (mEq/L) 2.2 2.2 e e
Ca2þ (mEq/L) 2.5 2.3 3.0 e
Cl (mEq/L) 111.9 128.5 109.0 154.0
HCO3 (mEq/L) 23.1 23.1 e e
Lactate (mEq/L) 1.7 e 28.0 e
Phosphorus (mmol/L) 1.1 1.1 e e
Glucose (g/L) 0.61 0.61 e e
Osmolality (mOsm/L) 289.0 289.0 272.5 308.0
pH 7.31 7.3 6.7 6.4
Abbreviations: CSF, Cerebrospinal ﬂuid; ACSF, Artiﬁcial cerebrospinal ﬂuid;
LR, Lactated Ringer’s solution; NS, Normal saline.
a Adapted from Milhorat.6
b Adapted from Uchida et al.3were experienced in, and the availability of different irrigation
ﬂuids, could have given us the opportunity to make more reliable
inferences. However, a more detailed questionnaire would have
further decreased the response rate.3. Strength of the literature
The possible harmful effects of physiological saline and other
solutions as neurosurgical irrigation ﬂuids during neurosurgical
procedures is by no means a new topic. It has been a matter of
debate in the ﬁeld of neurosurgery on and off for more than half
a century. One of Harvey Cushing’s contributions was the intro-
duction of LR as an irrigation ﬂuid.7 However, the practice is not
universal, and as is evident from literature review and results of our
survey; physiologic saline is still the commonly used irrigation ﬂuid
at a lot of centers worldwide.
In 1948, Elliott and Jasper8 in their landmark study reported on
the toxicity of physiological saline as a neurosurgical irrigant. Their
experiments showed a marked dilatation of the superﬁcial vascular
bed of the cerebral cortex in response to the isotonic salt solutions.
They concluded that this irritating action of these solutions may
play a role in the damage caused by prolonged exposure of the
cortex during neurosurgical procedures. They also suggested that
the composition of irrigation ﬂuid is one factor related to the
development of brain edemawhen the cortex is exposed to various
ﬂuids. Brain edema remains to be an important cause of post-
operative morbidity and mortality after many intracranial
operations.
In 1949, Lewis and Elliott9 described the advantages of using an
artiﬁcial CSF for irrigation of brain and other neural tissues. In 1980,
Hansson and Vällfors10 reported the results of their study on the
effect of irrigation solutions for neurosurgery on the primary cell
culture of newborn rat brain. The cells died after incubation for
5minwith hydrogen peroxide. On exposure to Elliott’s artiﬁcial CSF,
the cells shrank after incubation for 3 h, but the viability, as
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iological saline and LR had no noticeable effect on the viability or
morphology of the cells. Two years later, in 1982, Vällfors et al.11
again reported the results of their study on exposure of cat brain
surface to neurosurgical irrigation ﬂuids, hydrogen peroxide and
air. They described the detrimental effects of normal saline and
hydrogen peroxide on bloodebrain barrier integrity and considered
them unsuitable for neurosurgical irrigation purposes. Their
results, however, supported the usage of LR and Elliott’s solution B
(later approved as a physiological solvent by US Food and Drug
Administration in 1996). In 1983, Vallfors et al.12 in a follow up of
their previous study reported the harmful effects of normal saline
on the mesothelial cell integrity of the subdural and arachnoid
surfaces of the cat brain.
Normal saline has also been reported to lack the protective
effect against the local heat generation with bipolar diathermy
which is widely used in microneurosurgery. In 1995, Sakatani
et al.13 reported the possibility of heat-related CNS injury during
the use of bipolar diathermy forceps with saline irrigation. Irriga-
tionwith isotonicmannitol during electrical coagulation resulted in
a considerable reduction of local heat generation compared with
that which occurred during irrigation with saline.
Modern experimental studies using neural tissue from labora-
tory animals have also raised concerns regarding the relative safety
of normal saline as a neurosurgical irrigation ﬂuid. Perhaps the
most objective work on the topic was accomplished by Uchida
et al.3 in 2004, who reported possible functional andmorphological
deleterious effects of normal saline and Ringer’s solution without
glucose on cultured rat neural cells. They divided the primary
cultured rat neurons and astrocytes into ﬁve groups according to
the medium used, the four experimental groups ACSF (Artiﬁcial
CSF), LG (Ringer’s solution with glucose), L (Ringer’s solution
without glucose) and S (Saline), and one control group (C). They
assessed the morphology of both neuron and astrocyte culture
using scanning electron microscope (SEM) at the 24-h time point.
Uchida et al. assessed the cell function by rhodamine 123 uptake by
neuronal and astrocytic cellular mitochondria at various time
points up to 24 h. They concluded that physiologic saline, when
used as an irrigant in neurological surgery, might in some
circumstances cause damage to exposed and compromised neural
cells. In 2004, Enomoto et al.14 also reported that apoptotic changes
were observed after cells were exposed to normal saline but were
not observed with artiﬁcial CSF (ACF-95). In 2006, Doi et al.7
investigated various irrigation ﬂuids used during neurosurgical
procedures and how they affect the degree of post-operative brain
edema and cellular damage during experimental neurosurgery in
rats. This was the ﬁrst study to investigate the inﬂuence of irriga-
tion ﬂuids on incisional injury of the brain in an animal model. They
concluded that as compared to normal saline and LR, artiﬁcial CSF
reduced post-operative brain edema, cerebrovascular permeability,
and cellular damage in sites injured by experimental neurosurgery
in rats.
Fujita et al.15 using an experimental mouse brain surface
bleeding model, have recently demonstrated that the irrigation
ﬂuid used in neurosurgery affects bleeding at the surgical site. They
have concluded that to avoid surgical site bleeding, artiﬁcial CSF
and LR should be used as irrigation ﬂuids instead of normal saline.
According to them, the Kþ and Ca2þ content of irrigation ﬂuid is
important in maintaining hemostasis at the bleeding area. Nishi-
mura et al.16 have also described the signiﬁcance of Mg2þ and HCO3
in an irrigation ﬂuid. They used primary cultured rat neural cells to
demonstrate the beneﬁcial effect of the presence of these ions in an
irrigation ﬂuid on normal neural cell function.
It is, however, still debatable how far these results are appli-
cable to human neural tissue. Many clinicians do not believe in theavailable scientiﬁc literature on the topic on the basis of personal
experience of numerous patients who do not appear to have any
post-operative problems after irrigation with normal saline. Up to
the best of our knowledge, no prospective clinical study has so far
been done to determine the signiﬁcance of using either the
conventional irrigants or artiﬁcial CSF. Such a study can substan-
tiate the already available laboratory-based evidence, and can help
to convince practicing neurosurgeons to opt for safer alternatives.
However, there are obvious difﬁculties in coming up with a study
design suitable for human subjects.
Few clinical studies have shown the detrimental effect of
normal saline, when used for irrigation during neuroendoscopic
procedures. However, the evidence is conﬂicting and not conclu-
sive. Salvador et al.17 reported that the use of normal saline for
ventricular irrigation during neuroendoscopic procedures
produced important changes in CSF composition. They reported
that there was a signiﬁcant correlation between the CSF variation
of pH, oxygen and carbon dioxide partial pressures, base excess,
standard bicarbonate, glucose, and total calcium with respect to
the total volume of irrigation solution, but not with respect to the
neuronavigation time. However, El-Dawlatly,18 in his retrospective
review of 50 patients who underwent endoscopic third ven-
triculostomy reported that the use of normal saline as irrigation
ﬂuid is safe. There have been some reports regarding the safety of
LR for irrigation during neuroendospic procedures. Derbent et al.19
have reported that warm LR for ventricular irrigation during
endoscopic third ventriculostomy prevents intra-operative
hemodynamic changes and post-operative electrolyte distur-
bances. Oka et al.20 have also discussed the signiﬁcance of artiﬁcial
CSF as a physiological perfusate during endoneurosurgery. They
reported that after endoneurosurgery for symptomatic aqueductal
stenosis, patients who received normal saline as a perfusion ﬂuid
developed headaches, high fever, and neck stiffness, but those
patients who received artiﬁcial CSF experienced only slight fever.
It may be pointed here that several other irrigants have also
been used in cranial surgery such as antibiotics, antifungal agents
and chemotherapeutic agents, which were not discussed here.21,22
Their use, however, has generally been carried out under special
circumstances only, mostly as a last ditch effort, on already diseased
ependyma such as in the case of resistant ventriculitis, and there-
fore they have not been discussed in the current review.
4. Discussion
In clinical practice, very little emphasis has been laid on the fact
that irrigation ﬂuids used during neurosurgical procedures can
cause adverse effects on neural tissue. This may be attributed to the
routine use of these ﬂuids, and direct adverse events, if at all
observed, are generally masqueraded by post-operative complica-
tions of the procedure itself. While considering the ideal irrigation
ﬂuid, the inherent composition and physiological role of CSF must
be kept in mind. Cerebrospinal ﬂuid, besides providing buoyancy to
the ﬂoating brain, also maintains the milieu of CNS by communi-
cating with neurons, astrocytes, and endothelial cells of the CNS
vasculature. Cerebrospinal ﬂuid, thus, plays an important role in
carrying nutrients and metabolites to CNS cells, removing meta-
bolic waste products, and mediating ion transport.3 During
neurosurgical procedures, CSF is replaced by exogenous irrigants
which may differ in their physicochemical properties from CSF, and
thus may cause detrimental effects on neural tissue.
Physiological saline, the most widely used irrigant in current
neurosurgical practice worldwide, differs in concentration of ionic
salts, pH, and osmolality from CSF (Table 1). Besides, it does not
contain any glucose, protein, or lipid. Its use may be safe as a solvent,
for example, when used as a vehicle for intrathecal or
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instantly diluted by CSF in ventricular and spinal cavities. Besides,
the change in pH induced by saline will be resisted by the protective
brain coverings (leptomeninges) and by neurovasculature.8
However, the scenario is entirely different during neurosurgical
procedures, for instance, brain tumor resection, where the saline
irrigation is done on already diseased brain tissue, and for a longer
duration of time. Here, the saline comes in direct contact with neural
cells which are more prone to saline inﬂicted injury because of the
pathology and also the operative stress. The situation is even worse
during neuroendoscopic procedures because of the use of copious
amounts of saline in a closed environment.3 Saline lacks bicarbonate
ion, the key buffer in the normal CSF. The normal continuous exodus
of carbon dioxide from neural cells, combined with the lack of
buffering action provided by bicarbonate and a slightly acidic envi-
ronment created by saline (pH, 6.4), may lead to brain damage.
Furthermore, the lack of Kþ, Ca2þ, and Mg2þ in physiological saline
may contribute to its adverse effects on neural tissue.3,15,16 Irrigation
with Ca2þ free saline has been described to cause convulsion,
dsypnea, and death in laboratory animals.23 Glucose, which normal
saline lacks, has also been reported to be an essential component of
a neurosurgical irrigant.3 In short, the pH, osmolality, and concen-
tration of inorganic salts in an irrigation ﬂuid are of prime impor-
tance in its ability to provide an environment similar to the one
established by physiological CSF in normal brain.
Lactated Ringer’s solution and artiﬁcial CSF share more simi-
larities with normal CSF in terms of pH, osmolality, and inorganic
ions content. They have, so far, been reported by various authors as
safer alternatives to normal saline for brain irrigation.3,7,15,16,20 The
laboratory based data and favorable outcomes in few available
clinical studies strongly favor the use of LR or artiﬁcial CSF for brain
irrigation, especially for endoneurosurgery.
The results or our survey and review of literature reveal that
despite all concerns about its safety, normal saline remains the
most widely used of all neurosurgical irrigants, more so in the
developing countries. Not only in the cost containment envi-
ronment of developing countries like Pakistan, Bangladesh, and
Tanzania, but also in developed countries like United States, the
use of normal saline as an irrigation ﬂuid during neurosurgical
procedures is customary. Though the evidence from laboratory
based studies seems convincing, the extent of adverse effects of
the use of physiological saline as an irrigation ﬂuid in the
patients undergoing brain surgery, and the extent of brain edema
caused by this particular ﬂuid, remains of theoretical interest for
most of the practicing neurosurgeons. Lack of availability and
high cost of artiﬁcial CSF can be a contributing factor in the
context of developing countries. Artiﬁcial CSF is not commercially
available in most of these countries; and even if available, the
price is too high. Most of the poor patients in Pakistan go to
public sector, government run hospitals. People belonging to
higher socio-economic status go either to private fee-for-service
hospitals or to places like Singapore, United Kingdom, and United
States, according to their afﬂuence. Patients who are operated in
Pakistan have to bear all the costs because, unlike western
countries, there are no effective health care insurance plans. Even
in public hospitals, patients have to purchase the drugs on their
own; the free hospital services available include only the surgery
and post-operative care. Problems with including the added cost
of artiﬁcial CSF on patients can well be imagined. However, such
factors are not a hindrance to the use of safer alternatives such as
artiﬁcial CSF in developed parts of the world. Our survey has
shown that the use of normal saline as an irrigation ﬂuid during
craniotomies and endoneurosurgical procedures is a matter of
personal preference for most of the practicing surgeons, and
normal saline is preferred over LR and artiﬁcial CSF even atcenters in Western countries where these alternatives are easily
available. Uchida et al. have reported that out of 20 neurosurgical
institutes in Japan where artiﬁcial CSF was available in their
dispensary, only 7 actively used it as an irrigant during open
brain surgery.3
We recommend that the practice of using normal saline needs to
be reconsidered, speciﬁcally for neuroendoscopy and brain
surgeries lasting for longer duration. Lactated Ringer’s solution and
artiﬁcial CSF provide much safer alternatives for such procedures.
We believe this is one area of neurosurgical research where
translation from laboratory-based evidence to proper application in
clinical practice is missing. Deﬁnitely, there is a need to urge the
practicing neurosurgeons to opt for much safer alternatives to
normal saline. Also, the current evidence regarding the relative
safety of various irrigation ﬂuids needs to be strengthened by high
quality clinical research. It cannot be overemphasized that there is
a need for a multicenter randomized controlled prospective study
regarding the use of neurosurgical irrigation ﬂuids.
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